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(54) Corrugate fin type heat exchanger 

(57) According to the present invention, in a corru- 
gate fin type heat exchanger (2) including a core portion 
(2c) having a plurality of flat tubes (2a) disposed in par- 
allel with flow direction of the air and at least one corru- 
gate fin (2b) disposed between each pair of the flat tubes 
(2a), an inner Sickness of the flat tube (2a) is in a range 
of 0.6 - 1 .2 irm, a height of the corrugate fin (2b) is in a 
range of 3 - o mm, and a ratio (St/WxD) of the cross- 
sectional area (WxD) expressed by an overall width 
dimension (W) and a thickness dimension (D) of the core 
portion (2c) to a total cross-sectional flow passage area 
(St) of the plurality of flat tubes (2a) is set to a range of 
0.07 - 0.24 according to the inner thickness of the flat 
tube (2a) and the height of the corrugate fin (2b). In this 
way, it is possible to reduce the Reynold's number of the 
flow passages within the flat tubes (2a) to keep a laminar 
region constantly irrespective of the variation in the hot 
water flow quantity, thereby reducing the variation in the 
water side heat transfer rate. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the invention: 

The preseni invention generally relates to a corru- 
gated fin type lu-it exchanger for heating air by heat 
exchanging hot water with the air, and is preferably 
applied to a corrugate fin type heat exchanger for heating 
used in an automotive air conditioner in which hot water 
flow quantity widely varies. 

2. Related Art: 

In a vehicle, as illustrated in FIG. 1 , a heat exchanger 

2 for heating is installed in a cooling water (hot water) 
circuit of an engine 1 for running the vehicle. Hot water 
is circulated into the heat exchanger 2 by a water pump 

3 driven by the engine 1 , and the flow quantity of the hot 
water flowing from a flow quantity control valve 4 into the 
heat exchange 2 is controlled to adjust the temperature 
of the air flow of the heat exchanger 2. 

Engine cooling water is circulated into a radiator 6 
by the water pump 3 through a thermostat 5 to cool the 
engine cooling water within the radiator 6. The thermo- 
stat is a well-knrwn device, in which a valve opens when 
the cooling water temperature rises to or exceeds a pre- 
determined temperature, thereby the cooling water flow- 
ing into the radiator 6. 

The reference numeral 7 denotes a bypass circuit 
for the engine cooling water, 8 denotes a radiator side 
circuit, and 9 denotes a heater side circuit. The water 
pump 3 circulates the cooling water through all these cir- 
cuits 7, 8 and 9. 

However, as the water pump 3 is driven by the 
engine 1 , a rotational speed of the water pump 3 largely 
varies according to the rotational speed of the engine 1 , 
i.e., the vehicle speed, and thereby flow quantity of the 
hot water into the heat exchanger 2 largely varies. 

As a result of such large variation in the f tow quantity 
of the hot water into the exchanger 2, when the vehicle 
is running at a low speed (when the hot water flow quan- 
tity is small), as illustrated in FIG. 2, there is a problem 
in that the heat radiation performance of the heat 
exchanger 2 is extremely deteriorated. 

In FIG. 2, tho ordinate represents the heat radiation 
performance Q c* thb heat exchanger 2, the abscissa 
represents the flow quantity Vw of the hot water into the 
heat exchanger As can be seen from Fig. 2, the hot 
water flow quantity is 1 6 lit/mi n when the vehicle is run- 
ning at 60 km/h, and the hot water flow quantity is 4 lit/min 
when the vehicle is in idling. As the hot water flow quan- 
tity decreases, the heat radiation performance when the 
vehicle is in idling falls by 22 % down as compared to 
when the vehicle is running at 60 km/h. As a result, heat- 
ing feeling is deteriorated. 

Particularly when the vehicle is running in urban 
streets, as the vehicle is subjected to frequent starts and 



stops due to traffic signals. Therefore, there is a problem 
in that whenever the vehicle comes to be in idling, the 
passenger feels insufficient in heating, and heating feel- 
ing is excessively deteriorated. 

5 The inventors of the present invention have studied 
the cause of such deterioration of the heat radiation per- 
formance from various points of view and found out the 
following reasons. 

As illustrated in FIG. 3, the heat exchanger 2 

io includes a plurality of flat tubes 2a arranged in parallel . 
with the air flow direction. These flat tubes 2a are indi- , 
vidually disposed in a single row in the air flow direction. 
Corrugate fins 2b are disposed between each pair of flat 
tubes 2a, thereby configuring a corrugate type heat 

is exchanger. The reference numeral 2c denotes a core 
portion which is composed of the flat tubes 2a and the 
corrugate fins 2b. 

In FIG. 4, the ordinate represents water side heat 
transfer rate aw of the flat tube 2a, and the abscissa rep- 

20 resents the Reynold's number Re and hot water flow 
quantity Vw of the hot water passages formed with the 
flat tubes 2a. 

As understood from FIG. 4, the Reynold's number is 
within a range of 500 - 2200 when the hot water flowing 

25 into the heat exchanger 2 is within a predetermined 
range (16 lit/min when the vehicle is running at 60 km/h, 
and 4 lit/min when the vehicle is in idling), and the heat 
exchanger 2 is operated to the extent from the laminar 
region to a transition flow region. For this reason, the 

30 water side heat transfer rate aw largely varies in accord- 
ance with the variation of the hot water flow quantity. As 
a result, it turned out that the water side heat transfer 
rate aw largely falls within the low flow quantity region, 
thereby causing the deterioration of the heat radiation 

35 performance when the vehicle is in idling. 

FIG. 4 illustrates the results of an experiment in 
which normal tubes with no dimples (concave and con- 
vex portion) for facilitating the turbulence of the hot water 
on the inner surfaces were used as the flat tubes 2a. 

40 For improving the water side heat transfer rate aw, 
in general, the turbulence of the hot water within the 
tubes is often facilitated. Concretely, it has been pro- 
posed that a turbulence generator for facilitating turbu- 
lence is inserted into the tubes or dimples for facilitating 

45 turbulence is formed on the inner surfaces of the tubes. 
Therefore, the inventors of the present invention 
have measured the water side heat transfer rate aw by 
using the flat tubes 2a with dimples for facilitating turbu- 
lence. As a result, as illustrated in FIG. 5, the flat tube 

so with dimples could generally improve the water side heat 
transfer rate aw as compared to the normal tube, and ' 
the Reynold's number Re of the dimple tube in the tran- 
sition region from laminar to turbulence decreased from 
1400 with the normal tube to 1000. 

55 However, the large variation in the water side heat 
transfer rate aw according to the hot water flow quantity 
still remained even when the flat tube with dimples is 
used. Therefore, even when a technique for facilitating a 
turbulence such as the flat tubes with dimples is used, it 
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is not possible to solve the problem in that the heat radi- 
ation perforn^nce when the hot water flow quantity is 
smalt (when th'-j vehicle is running at a low speed) is dete- 
riorated. 

5 

SUMMARY OF THE INVENTION 

In view of the above problems, the present invention 
has an object to provide a corrugate type heat exchanger 
which can effectively improve the heat radiation perform- 10 
ance within a low flow quantity region. 

As understood form FIGS. 4 and 5. when the Rey- 
nold's number of approximately 1000 was taken as a 
transition point, the variation (inclination) of the water 
side heat transfer rate aw against the Reynold's number is 
within the laminar region was very small in the region 
with the Reynold's number of 1000 or less. 

In consideration of such small variation (inclination) 
of the water side heat transfer rate aw within the laminar 
region, in the present invention, the Reynold's number of 20 
the f taw passages of the fiat tubes is set to be extremely 
small to keep, water flow in the flow passages of the flat 
tubes in a cor.fplete laminar region over the regular use 
range of the hot water flow quantity from the high flow 
quantity region to the low flow quantity region, thereby 2s 
reducing the variation in the water side heat transfer rate 
aw and increasing the water side heat transfer rate aw 
simultaneously to improve the heat radiation perform- 
ance within the low flow quantity region. 

According to the present invention, in a corrugate fin 30 
type heat exchanger including a core portion having a 
plurality of flat tubes disposed in parallel with flow direc- 
tion of the air and at least one corrugate fin disposed 
between each pair of the flat tubes, an inner thickness 
of the flat tube is in a range of 0.6 - 1 .2 mm, a height of 3S 
the corrugate fin is in a range of 3 - 6 mm, and a ratio 
(St/WxD) of the cross-sectional area (WxD) expressed 
by an overall width dimension (W) and a thickness 
dimension (D) of the core portion to a total cross-sec- 
tional flow passage area (St) of the plurality of flat tubes 40 
is set to a range of 0.07 - 0.24 according to the inner 
thickness of t<ie flattube and the height of the corrugate 
fin. % . 

It is preferable that the Reynold's number being set 
to 1000 or less when flow quantity of the hot water pass- 45 
ing through the core portion is 16 lit/min. 

Further, it is preferable that the flat tubes and the 
corrugate fins being made of aluminum, a wall thickness 
of the flat tube being set to a range of 0.2 - 0.4 mm, and 
a wall thickness of the corrugate fin being set to a range so 
of 0.04 - 0.08 mm. 

According to the present invention as the above, it 
is possible to reduce the Reynold's number of the flow 
passages of the flat tubes and to keep the laminar region 
constantly even if the hot water flow quantity widely var- ss 
ies. As a result, the variation in the water side heat trans- 
fer rate can be reduced. 

Furthermore, it is possible to improve the water side 
heat transfer rate sufficiently by setting the inner thick- 



ness of the flat tube to a thin width dimension in a range 
of 0.6 - 1.2 mm. and to improve the heat radiation per- 
formance by setting the height (Hf) of the corrugate fin 
to the optimum range in a range of 3 - 6 mm. 

As a result, even in the low flow quantity region of 
the hot water fiow quantity, tit is possible to largely 
improve the heat radiation performance cas compared 
to the conventional type, thereby heating feeling for the 
user of the heating system being remarkably improved. 

Particularly in an automotive air conditioning sys- 
tem, since the hot water flow quantity frequently varies 
due to the repetition of starts and stops of a vehicle, the 
improvement in the heating feeling as described above 
is extremely useful. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects and advantages of the present 
invention will be more readily apparent from the following 
detailed description of preferred embodiments thereof 
when taken together with the accompanying drawings in 
which: 

FIQ. 1 is a diagram illustrating an engine cooling 
water circuit; 

FIG. 2 is a graph illustrating the relationship between 
the hot water flow quantity and heat radiation per- 
formance of the conventional heat exchanger; 
FIG. 3 is a perspective view illustrating the core por- 
tion of a heat exchanger of an embodiment accord- 
ing to the present invention; 
FIG. 4 is a graph illustrating the relationship among 
the hot water flow quantity, Reynold's number and 
water side heat transfer rate of the conventional heat 
exchanger; 

FIG. 5 is a graph illustrating the relationship among 
the hot water flow quantity, Reynold's number and 
water side heat transfer rate of another conventional 
heat exchanger; 

FIG. 6 is a graph illustrating the relationship between 
the corrugate fin height and heat radiation perform- 
ance of an the heat exchanger of the embodiment 
according to the present invention; 
FIG. 7 is a graph illustrating the relationship between 
the total cross-sectional area ratio of flat tubes and 
Reynold's number of the heat exchanger of the 
embodiment according to the present invention; .-. 
FIG. 8 is a cross-sectional view illustrating the flat 
tube of the heat exchanger of the embodiment 
according to the present invention; 
FIG. 9 is a graph illustrating the relationship between 
the hot water flow quantity and heat radiation per- 
formance of the heat exchanger of the embodiment 
according to the present invention; 
FIG. 1 0A is a graph illustrating the relationship 
between the inner thickness of flat tube and heat 
radiation performance of the heat exchanger of the 
embodiment according to the present invention; 
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FIG. 10B is a graph illustrating the relationship 
between the inner thickness of the flat tube and 
water side heat transfer rate of the heat exchanger 
of the embodiment according to the present inven- 
tion; 

FIG. 1 1 is a graph illustrating the relationship among 
the total cross-sectional area ratio of flat tubes Rey- 
nold's number and corrugate fin height of the heat 
exchanger of the embodiment according to the 
present invention; 

FIG. 1 2 is a graph illustrating the relationship among 
the total cross-sectional area ratio of flat tubes, inner 
thickness of flat tube and corrugate fin height of the 
heat exchanger according to the present invention; 
FIG. 13 is a graph illustrating the relationship 
between tht hot water flow quantity and heat radia- 
tion perform -nee of the heat exchanger of the 
embodiment according to the present invention; 
FIG. 1 4 is a graph illustrating the relationship among 
the hot water flow quantity, Reynold's number and 
water side heat transfer of the heat exchanger of the 
embodiment according to the present invention as 
compared to the conventional type; 
FIG. 1 5 is a half cross-sectional front view illustrating 
an embodiment of the heat exchanger according to 
the present invention; and 
FIGS. 1 6A- 1 6F are schematic front views illustrating 
modifications of the heat exchanger according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will now be 
described with reference to the drawings. 

In FIG. 3, dimensions W (width), D (thickness) and 
H (height) of the ^ore portion 2c of the heat exchanger 
2 are generally sU as W = 100 - 300 mm, D a 16 - 42 
mm and H = 100 - 300 mm in consideration of mounting 
the heat exchanger 2 easily within a heater unit housing 
of an automotive air conditioning system and the 
required heat radiation performance. 

As illustrated in FIG. 6, it is optimized that the height 
Hf of a corrugate fin 2b is set in a range of 3 - 6 mm with 
4.5 mm in the center, in consideration of the heat radia- 
tion performance, which is described in the Japanese 
Unexamined Patent Publication No. 5-196383, the con- 
tent is incorporated herein by reference. 

To keep the flow passages within flat tubes 2a as a 
laminar region constantly by setting the Reynold's 
number Re to a small value, the flow velocity v of hot 
water within the flat tubes 2a and the equivalent diameter 
de of the flat tube 2a should be reduced by using the 
following equation (1). 

Re = v • de/v (1) 

where v is the kinematic viscosity of the hot water 
within the flat tubes 2a, and the substantial round-hole 



diameter de of the flat tube 2a is the diameter of the 
round-hole having the same area as the cross-sectional 
area of the flat tube 2a. 

To reduce the flow velocity v of the hot water within 
5 the flat tubes 2a, the total area St of the flow passages 
of the flat tubes 2a should be increased by using the fol- 
lowing equation (2). 

v = Vw/St (2) 

10 

where Vw is theflow quantity of the hot water flow- 
ing into the heat exchanger 2 and St is the sum total of 
the cross-sectional areas of the flow passages within all 
the flat tubes 2a of the core portion 2c. 
is To reduce the substantial diameter de of the flat tube 
2a, the cross-sectional area A of the flow passage per 
flat tube 2a should be reduced by using the following 
equation 3. 

20 de = 4 ■ A/L (3) 

where L is the wet edge length within the flat tube 
2a (the length of the inner peripheral wall of the cross- 
sectional shape of the flat tube 2a, which will be 

25 described later with reference to FIGS. 7 and 8). 

A liquid mixture of an anti freeze solution containing 
a rust preventive and water combined at approximately 
50:50 is generally used for the hot water (engine cooling 
water) circulating into the heat exchanger 2, and the hot 

30 water temperature is maintained to approximately 85° C 
by the thermostat 5. 

Here, to reduce the cross-sectional flow passage 
area A per flat tube 2a and to increase the total cross- 
sectional flow passage area St of the flat tubes 2a are 

35 contrary to each other. Therefore, to increase the total 
cross-sectional tube area St while reducing the cross- 
sectional flow passage area A per flat tube 2a, it is pref- 
erable that the core portion 2c of the following construc- 
tion being employed. 

40 The core portion 2c should be an one way flow type 
(full-pass type) having the cross-sectional area (WxD) of 
the core portion 2c in which the hot water flows only in 
one direction instead of U-turn type in which the hot 
water flows in a U-turn, and the number of the flat tubes 

45 2a having the cross-sectional area (WxD) of the core 
portion 2c, through which the hot water flows in parallel, 
should be increased. The concrete structure of the core 
portion 2c of the one way flow type (full-pass type) will 
be described later with reference to FIG. 15. 

so Next, for the core portion 2c dimensioned to W 
(width) o 180 mm, H (height) = 1 80 mm and D (thickness) 
o 27 mm, the inventor of the present invention examined 
the total cross-sectional flow passage area St of the flat 
tubes 2a which could hold the Reynold's number Re to 

55 be 1000 or less (within the complete laminar region in 
FIG. 5) until the hot water flow quantity Vw increases to 
16 lit/min, which is a flow quantity when the vehicle is 
running at a speed of 60 km/h. 
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Since the total cross-sectional flow passage area St 
of the flat tubes 2a varies according to the size (W, D) of 
the core portion 2c, the inventors examined the relation- 
ship between the ratio (St/WxD) of the total cross-sec- 
tional flow passage area St of the flat tubes 2a to the $ 
cross-sectional area of the core portion 2c (WxD) and 
the Reynold's number Re as a parameter of the inner 
thickness b of the flat tube 2a within a range of 0.5 - 1 .7, 
as illustrated in Fig. 7. In Fig. 7, the abscissa represents 
the ratio (St/WxD) and the ordinate represent the Rey- 
nold's number Re. 

The inner thickness "b N of the flat tube 2a means the 
thickness in the short side direction of the flow passage 
within the flat tube 2a in the cross-sectional shape of the 
flat tube 2a illustrated in FIG. 8, and the width dimension 
of the long side direction is indicated with "a". 

In the experiment which result is illustrated in FIG. 
7, the inner width "a" of the flat tube 2a was fixed to 26.5 
mm and the inner thickness V was changed. 

The ratio (St/WxD) with respect to each thickness 
"b" of the flat tube 2a, where the Reynold's number Re 
is 1000, is indicated with O- As illustrated in FIG. 7, the 
ratio (St/WxD) with respect to each thickness "b M of the 
flat tube 2a where the Reynold's number Re is 1000 or 
less exists in a large number. 

Therefore, the inventors of the present invention also 
studied the optimum thickness "b" of the flat tube 2a in 
view of its performance, and further studied the relation- 
ship between the optimum thickness V and the total 
cross-sectional flow passage area St of the flat tubes 2a. 

Specif ica;!y, ti ; j inventors studied on the core portion 
2c with the width W = 180 mm, the height H = 180 mm 
and the thickness D = 27 mm, and the fin height Hf being 
the central value 4.5 mm of the optimum range (3 - 6 mm) 
to optimize the thickness "b" of the flat tube 2a in view of 
its performance. 

In FIG. 9, the ordinate represents the heat radiation 
performance Q of the heat exchanger 2 and the abscissa 
represents the flow quantity Vw of the hot water circulat- 
ing into the heat exchanger 2. The heat radiation per- 
formance Qo with the hot water flow quantity Vwo 
determined according to the matching point of the water 
flow resistance of the heat exchanger 2 and the pump 
characteristics of a water pump 3 of an engine 1 corre- 
sponds to the performance of the heat exchanger 2 in an 
actual operation. 

The heat radiability Qo of the heat exchanger 2 in 
an actual operation is obtained by varying the thickness 
"b" of the flat tube 2a and summarized in Fig. 1 0A. In Fig. 
1 0A, the heat radiation performance Qo of the thickness 
b = 0.7 mm at whrh the heat radiation performance Qo 
of the heat exchanger 2 in an actual operation is the high- 
est is set to 100, the ordinate represents the percentage 
of the heat radiation performance Qo of each thickness 
"b" of the flat tube 2a against the heat radiation perform- 
ance Qo = 100 of such thickness b = 0.7 mm of the flat 
tube 2a. 



It is understood from FIG. 10A that the optimum 
range of the thickness "b" of the flat tube 2a is 0.6 - 1 .2 
mm. 

FIG. 10B illustrates the relationship between the 
thicknessb of thef lattube 2a and waterside heattransfer 
rate otw with the Reynold's number Re = 500. The smaller 
the dimension "b" is, the higher the water side heattrans- 
fer rate aw is. As a matter of fact, however, when the 
dimension V decreases, the inner resistance of the flat 
tube 2a increases. Resultantly, the flow quantity of the 
circulating hot water decreases, and the heat radiation 
performance is deteriorated, as illustrated in FIG. 10A. 
Therefore, it is necessary to set the lower limit of the 
thickness "b" to 0.6 mm. 

Based on the above results, the optimum range of 
the ratio of the total cross-sectional flow passage area 
of the flat tube 2a (St/WxD) is obtained from the optimum 
range of the fin height Hf (3 - 6 mm) and the optimum 
range of the thickness b (0.6 - 1 .2 mm). The shaded por- 
tion X in FIG. 1 1 indicates the optimum range. 

As illustrated in FIG. 12, when this optimum range 
is rewritten by taking the total cross-sectional flow pas- 
sage area ratio (St/WxD) of the flat tubes 2a as the ordi- 
nate and the thickness V of the flat tube 2a as the 
abscissa, in a combination of the optimum fin height (Hf 
= 3-6 mm) and the optimum tube thickness (b = 0.6 - 
1.2 mm), the total cross-sectional flow passage area 
ratio (St/WxD) of the flat tubes 2a is identical to the 
shaded portion enclosed with A, B, C and D in FIG. 12, 
i.e., the range of 0.07 - 0.24. 

By setting total cross-sectional flow passage area 
ratio (St/WxD) of the flat tubes 2a within the shaded por- 
tion enclosed with A, B, C and D, it is possible to control 
the Reynold's number Re of the flow passage of the flat 
tube 2a to 1 000 or less within the range of hot water flow 
quantity for the heat exchanger 2 (maximum 16 lit/min), 
thereby keeping the hot water flow within the flow p§s- . 
sage of the flat tube 2a laminar constantly. 

Now, the heat radiation performance of the heat 
exchanger 2 specially designed based on the above 
specification range is illustrated in FIG. 13. The heat 
exchanger 2 illustrated in FIG. 13 is dimensioned to the 
width W = 180 mm, height H = 180 mm and thickness D 
= 27 mm in the core portion 2c, the height Hf = 4.5 mm 
in the corrugate fin 2b, and the thickness b = 0.9 mm in 
the flat tube 2a, which are the central values of the opti- 
mum range, respectively. 

The total cross-sectional flow passage area ratio 
(St/WxD) Of the flat tube 2a is 14.5. The heat radiation 
performance Q of the heat exchanger 2 specially 
designed as the above was obtained. As a result, as illus- 
trated in FIG. 13, the heat radiation performance Q at a 
low flow quantity (4 lit/min when the vehicle is in idling) 
decreased by as small as approximately 1 1%down from 
the heat radiation performance Q at a high flow quantity 
(16 lit/min when the vehicle is running at 60 km/h run- 
ning), which is a half or less as much as the reduction 
percentage (22%) in heat radiation performance of the 
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conventional heat exchanger 2 illustrated in FIG. 2. As 
clearly understood, the performance is largely improved. 

In FIG. 14, the relationship between the Reynold's 
number Re and water side heat transfer rate ctw of the 
heat exchanger 2 basjd on the specifications defined in 
FIG. 13 is summarized. As understood from FIG. 14, the 
heat exchanger 2 according to the present invention is 
used within a complete laminar region with the Reynold's 
number Re of 1000 or less, where the hot water flow 
quantity is 4-16 1 it/mi n, and furthermore, the water side 
heat transfer rate aw within the low flow quantity region 
is largely improved as compared to the conventional heat 
exchanger. 

Next, an embodiment where the heat exchanger 2 
designed based on the above specifications is applied 
to an automotive air conditioning system is described 
with reference to Fig. 15. The core portion 2c is com- 
posed of the flat tubes 2a and the corrugate fin 2b. Each 
flat tube 2a is supportably connected to core plated 2d 
at both ends. Tanks 2e and 2f are connected to the core 
plates 2d, respectively. Further, inlet and outlet pipes 2g 
and 2h are detachably connected to the tanks 2e and 2f 
by seal joints 2i and 2j, respectively. 

In FIG. 15, for example, when the pipe 2g is con- 
nected to the hot wat^" inlet side of the hot water circuit 
of the engine 1 , ine hot water from the hot water inlet 
pipe 2g flows through the hot water inlet tank 2e, the flat 
tubes 2a, the hot water outlet tank 2f and the hot water 
outlet pipe 2h in this order. 

That is, an one-way flow type (full-pass type) is con- 
figured in such a manner that the hot water inlet tank 2e 
is disposed at an end portion of the core portion 2c over 
the overall width direction, the hot water outlet tank 2f is 
disposed at the other end portion of the core portion 2c 
over the overall width direction, and the hot water flows 
only in one direction from the inlet tank 2e to the outlet 
side tank 2f through the flat tube 2a. 

In the heat exchanger 2 configured as the one way 
flow type (full-pass type), it is easily possible to decrease 
the cross-sectional area A per flat tube 2a and increase 
the total cross-sectional area St of the entire flat tubes 
2a simultaneously. 

The heat exchanger 2 illustrate in FIG. 15 is made 
of aluminum. The flat tube 2a, the core plate 2d and the 
tanks 2e and 2f are formed from aluminum-clad material 
in which the alum.rium core material is clad with brazing 
material at one or both sides. On the other hand, the cor- 
rugate fin 2b is formed from bear aluminum material 
which is not clad with brazing material. The heat 
exchanger 2 is integrally constructed by temporarily 
assembling these components, heating the assemblies 
within a brazing furnace to a brazing temperature, and 
then integrally brazing the assemblies. 

Here, it is preferable in view of heat transfer rate, 
strength, etc. that the thickness of the aluminum flat tube 
2a being set to a range of 0.2 - 0.4 mm and the thickness 
of the aluminum corrugate fin 2b being set to a range of 
0.04 - 0.08 mm. 



FIGS. 16A-16F illustrates modifications of the tank 
portion of the heat exchanger 2. FIGS. 16A to 16C illus- 
trate modifications in which the width of the core portion 
2c is set the same as that of the tanks 2e and 2f and the 

5 positions of the hot water inlet and outlet pipes 2g and 
2h are differently modified. 

FIGS. 16D to 16F illustrate modifications in which 
each width of the tanks 2e and 2f is set larger than that 
of the core portion 2c and the hot water inlet and the posi- 

10 tions of the outlet pipes 2g and 2h are differently modi- 
fied. 

In FIGS. 15 and 16, since the shape of the heat 
exchanger 2 is symmetric with respect to the hot water 
flow direction of the core portion 2c, the tank 2e may be 

is disposed on the hot water outlet side and the tank 2f may 
be disposed on the hot water inlet side contrary to the 
above embodiment 

The present invention having been described should 
not be limited to the disclosed embodiments, but it may 

20 be modified in many other ways without departing from 
the scope and the spirit of the invention. Such changes 
and modifications are to be understood as being 
included with the scope of the present invention as 
defined by the appended claims. 

25 

Claims 

1. A corrugate fin type heat exchanger (2) for heat 
exchanging hot water with the air, said corrugate fin 

30 type heat exchanger (2) comprising: 

a plurality of flat tubes (2a) disposed in par- 
allel with flow direction of said air, each flat tube (2a) 
disposed as a single line in said flow direction; and 
at least one corrugate fin (2b) disposed 
35 between each pair of said flat tubes (2a) and con- 
nected thereto; 

said plurality of flat tubes (2a) and said cor- 
rugate fin (2b) composing a core portion (2c), 

wherein an inner thickness of the flat tube 
40 (2a) is in a range of 0.6 - 1 .2 mm; 

a height of said corrugate fin (2b) is in a range 
of 3 - 6 mm; and 

a ratio (St/WxD) of the cross-sectional area 
(WxD) expressed by an overall width dimension (W) 
45 and a thickness dimension (D) of said core portion 
(2c) to a total cross-sectional flow passage area (St) 
of said plurality of flat tubes (2a) is set to a range of 
0.07 - 0.24 according to said inner thickness of said 
flat tube (2a) and said height of said corrugate fin 
so (2b). 

2. A corrugate fin type heat exchanger (2) according to 
claim 1, wherein said heat exchanger (2) is applied 
to an heat exchanger for heating, which is used in 

55 an automotive air conditioning system in which said 
hot water is circulated by a water pump (3) driven by 
an automotive engine, and the Reynold's number 
being set to 1000 or less when flow quantity of said 
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hot water passing through said core portion (2c) is 
16 lit/min. 



3. A corrugate fin type heat exchanger (2) according to 
claim 1 , 5 

wherein said flat tubes (2a) and said corru- 
gate fin (2b)s are made of aluminum, 

a wall thickness of said flat tube (2a) is set to 
a range of 0.2 - 0.4 mm; and 

a wall thickness of said corrugate fin (2b) is 10 
set to a range of 0.04 - 0.08 mm. 

4. A corrugate fin type heat exchanger (2) according to 
claim 1, further comprising: 

a hot water inlet tank (2 e)cfisposed at one end is 
of said core portion (2c), for introducing said hot 
water into said flat tube (2a); and 

a hot water outlet tank (2f) disposed at the 
other end of said core portion (2c), for receiving said 
hot water flowing from said flat tubes (2a), 20 

wherein said core portion (2c) is constructed 
in such a manner that said hot water flows only in 
one direction from said hot water inlet tank (2e) to 
said hot water outlet tank (2f). 

25 

5. A corrugate fin type heat exchanger (2) according to 
claim 4, further comprising: 

an inlet pipe (2g) connected to said hot water 
inlet tank (2e) to introduce said hot water into said 
inlet tank (2e); 30 

an outlet pipe (2h) connected to said hot 
water outlet tank (2f) to lead said hot water out of 
said outlet tank (2f). 



6. A corrugate fin type heat exchanger (2) according to 35 
claim 5, wherein said inlet pipe (2g) and said outlet 
pipe (2h) extend in a longitudinal direction of said 

hot water inlet tank (2e) and said hot water outlet 
tank (2f), respectively. 

40 

7. A corrugate fin type heat exchanger (2) according to 
claim 5, wherein said inlet pipe (2g) and said outlet 
pipe (2h) extend in a lateral direction of said hot 
water inlet tank (2e) and said hot water outlet tank 
(2f), respectively. 45 



8. A corrugate fin type heat exchanger (2) according to 
claim 1 . wherein said heat exchanger (2) is applied 
to an heat exchanger for heating, which is used in 
an automotive air conditioning system in which said so 
hot water is circulated by a water pump (3) driven by 
an automotive engine and passes through a radiator 
(6) for cooling said hot water by heat exchanging 
with air and being disposed in a cooling water pipe 
(8) communicating between said engine and said 55 
radiator (6), and said heat exchanger (2) being dis- 
posed in a hot water pipe (9) arranged in parallel with 
said cooling water pipe (8). 
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